Seven rice genotypes differed in their drought tolerance along with their 21 F1 crosses obtained from a partial diallel crosses mating design were evaluated under water stress condition at the research farm of Rice Research and Training Center (RRTC), Sakha, Kafr El-Sheikh, Egypt during the two growing seasons of 2010 and 2011 to identify the superior parents and hybrids and to determine the appropriate breeding methods under this condition. The results indicated that, mean squares were highly significant for all studied traits indicating the presence of wide range of genetic variations among the parental lines used in this study. GCA/SCA ratio was greater than unity for panicles plant -1 ; panicle weight and 1000-grain weight traits suggesting the preponderance of additive type of gene action in these materials. The ratio was less than unity for grain yield plant -1 , spikelet fertility percentage, filled grains panicle -1
and harvest index suggesting the preponderance of non-additive gene action. The drought tolerant parents: IRAT170; Moroberekan and Azuciena were the best general combiners for most yield and its component traits. High GCA effects showed the presence of favorable genes with additive type of gene action. Therefore, a multiple crossing program involving good general combiners found in the current study is recommended. Highly significant positive SCA effects were obtained by the cross Giza177 x Azuceina for all traits and the cross IR64 x Moroberekan for all traits except panicles plant -1 . Based on SCA effects among the 21 crosses, the desirable crosses were eight for grain yield plant -1 ; seven for panicles plant -1 ; five for panicle weight; six for 1000-grain weight; nine for filled grains panicle -1 ; eight for spikelet fertility percentage and eleven for harvest index. F1 hybrids were recommended because of their good SCA for yield and its component traits under water stress condition. The heritability estimates in broad sense were high for all traits and ranged from 86.3% for harvest index to 98.07% for filled grains panicle -1 . Low estimates of heritability in narrow sense were recorded for harvest index (14.62%); spikelets fertility percentage (16.03%) and grain yield plant -1 (17.53%). In contrary, the degree of dominance values were higher than unity for spikelets fertility percentage; harvest index and grain yield plant -1 traits indicating that the effect was of over-dominance type.
et Massonnet et al., 2007) . Thus, water stress is the major environmental factor that constrains the productivity and stability of crops (Araus et al., 2002) . It is estimated that, more than 50% of the world rice production area is affected by drought (Bouman et al., 2005) . Egypt is selfsufficient in rice, but due to a high population growth rate, presence of new diseases and pests, the ongoing process of climate changes and declines Egypt's share of the River Nile water; rice production would be declined to insufficient levels. The development of drought-tolerant varieties which maintain good yield under drought or water stress is of major priority for rice research for sustainable rice production. There are three basic drought patterns affecting rice production i.e. early (occurring during vegetative growth, after establishment but before maximum tillering), intermittent, and late (occurring after panicle initiation) drought stresses. Yield reduction from early drought stress is often minimal and mainly results from a reduction in tillers number (Jongdee et al., 2006) . Intermittent or continuous drought stress, occurring between the tillering and flowering stages, may greatly reduce yield as a result of reduced leaf expansion and photosynthesis (Fukai and Cooper, 1995) . Late drought that occurs during later growing stages, especially during flowering, reduced spikelets fertility is the main factor contributing to yield loss (Liu et al., 2006) . Plants are most susceptible to water stress at the reproductive stage; Dramatic reduction of grain yield occurs when stress coincides with the irreversible reproductive processes, making the genetic analysis of drought tolerance at the reproductive stage crucially important (Boonjung and Fukai, 2000 and Pantuwan et al., 2002) .
Many studies on yield and its component traits in rice were reported by Abd Allah et al., (2010); Muthuramu et al., (2010) and Ali et al., (2012) ; for general combining ability (GCA) and specific combining ability (SCA) and by Gaballah (2009); Ali et al., (2012) ; Seyoum et al., (2012) and Sohrabi et al., (2012) for heritability in broad sense and in narrow sense. The main objective of the present study was to assess combining ability; heritability and degree of dominance for yield and its component traits for several genotypes and their crosses under water stress condition and to identify the most desirable genotypes which would be used as a donor parents and as a best combiners in the rice breeding program.
MATERIALS AND METHODS
This study was carried out at the research farm of Rice Research and Training Center (RRTC), Sakha, Kafr El-Sheikh, Egypt during the two growing seasons of 2010 and 2011. Seven rice genotypes varied in their drought tolerance were utilized in this study. Name, pedigree, origin, type and some features of the studied genotypes are presented in Table 1 . The parental genotypes were grown during 2010 growing season in three successive dates of planting of fifteen days intervals in order to overcome the differences in flowering time for each parent. At flowering stage the bulk emasculation method was practiced using hot water according to Jodon (1938) and modified by Butany (1961) . A partial diallel crossing was made among the seven parental genotypes to produce 21 F 1 hybrids. The F 1 seeds were separately harvested from each cross, and saved for sowing in the next season of 2011.
In 2011 growing season, seeds from each the genotype (crosses and their parents) were sown in the nursery. After thirty days from sowing, seedlings were individually transplanted in the permanent field in one row. Each row was five meters long with 20 cm between rows comprised 25 hills each thinned to single plant. The experiment was laid out in Randomized Complete Blocks Design (RCBD) with three replications. Plants were only irrigated every 12 days using flushing irrigation. All agricultural practices were carried out according to the recommendations of rice plantation. At reproductive stage, five plants were randomly selected from each genotype. Data were recorded on yield and yield component traits which included panicles plant -1 ; panicle weight (g); 1000-grain weight (g); filled grains panicle -1 ; spikelets fertility percentage (%); grain yield plant -1 (g) and harvest index (%).
Genetic analysis to estimate general combining ability (GCA) and specific combining ability (SCA) was performed using the Griffing (1956) method-2, model-1.
RESULTS AND DISCUSSION

Analysis of variance:-
The estimated values of mean squares for yield and its component traits are presented in Table 2 . The mean squares of genotypes, parents and crosses were highly significant for all studied traits indicating the presence of wide range of genetic variations among the parental lines. The highly significant values of mean square of parents versus crosses for all studied traits indicated that heterosis was significant for these traits.
The results emphasized the importance of combining ability studies and indicated good prospects for selection of suitable parents and crosses for the development of appropriate varieties and hybrids. Both GCA and SCA variances were highly significant for all the studied traits indicating the importance of both additive and non-additive genetic variances in the inheritance of the studied traits (Rahimi et al., 2010) . GCA/SCA ratios were greater than unity for panicles plant -1 , panicle weight (g) and 1000-grain weight (g) suggesting the preponderance of additive type of gene action in the inheritance of these traits.
On the other hand, GCA/SCA ratios were less than unity for grain yield plant -1 , spikelet fertility percentage (%), filled grains panicle -1 and harvest index (%) suggesting the preponderance of non-additive type of gene action in the inheritance of these traits which might be resulted from dominance, epistasis and interaction effects. These results indicated that there is a very good prospect for the exploitation of non-additive genetic variances of yield traits through the production of hybrids. Similar results were also reported by Gopikannan and Ganesh (2013) .
General combining ability effects (GCA):-
Combing ability analysis provides guide line for the assessment of relative breeding potential of the parents and help in the choice of the parents (Gnanasekaran et al., 2006) which may be hybridized either to exploit hybrid vigor by accumulating unfixable gene effects or to evolve into cultivars by accumulating fixable gene effects (Nadarajan and Gunasekaran, 2005) . The additive gene effect is distinguished by GCA while, the non-additive effect is distinguished by SCA (Choukan, 2008) The general combining ability effects (GCA) of each parent are shown for yield and yield component traits in Table 3 . The results indicated the presence of desirable positive and highly significant GCA effects for the drought tolerant parents IRAT170 for most traits except for panicles plant -1 and spikelets fertility percentage (%) which showed undesirable either highly significant or non-significant negative estimates, respectively. The parental genotype Moroberekan showed the same trend for most traits except for panicles plant -1 and harvest index, while the parental genotype Azuciena showed the same for most traits except for panicles plant -1 ; grain yield plant -1 and harvest index. Therefore, these parents were considered as good combiners for most yield and its component traits under drought condition.
The three parents i.e. IR64, Giza178 and IET1444 were found to be desirable showing highly significant positive GCA effect for panicles plant -1 , therefore these parents are considered as good combiners for this trait. Three parents i.e. Moroberekan, Azuceina and IRAT170 exhibited highly significant positive GCA effects for panicle weight (g); 1000-grain weight (g) and filled grains panicle -1 , therefore these parents are the best combiners for these traits. The parental genotype Giza177 showed significant positive GCA effect for 1000-grain weight.
The best combiners for spikelets fertility percentage (%) were the two parents: Moroberekan and Azuceina. In the same way, both parents: IRAT170 and Moroberekan were the best general combiners for grain yield plant -1 , where they revealed highly significant and significant positive GCA effects, respectively. In the case of harvest index, the drought tolerant parent IRAT170 followed by both Egyptian rice varieties; Giza177 and Giza178 were the best general combiners for this trait. Similar results under drought stress condition were obtained by Abd Allah et al., (2010) for tillers plant -1 , Ali et al., (2012) for panicles plant -1 , panicle weight, spikelets fertility percentage (%) and Muthuramu et al., (2010) and Ali et al., (2012) for grain yield plant -1 . High GCA effects indicate the presence of favorable genes with additive type of gene action. Therefore, a multiple crossing program involving good general combiner parents would be recommended as superior genotypes as proposed by Nadarajan and Gunasekaran (2005) .
Specific combining ability effects (SCA):-
Estimates of specific combining ability effects (SCA) for yield and its component traits are presented in Table 4 . Desirable and highly significant positive SCA effects for all traits were observed for the cross Giza177 x Azuceina, meanwhile the cross IR64 x Moroberekan exhibited highly significant positive SCA effects for all studied traits except for panicles plant -1 . For grain yield plant -1 ; among 21 F 1 crosses, eight crosses i.e. Giza178 x Moroberekan; Giza178 x Azuceina; IET1444 x IRAT170; Giza177 x Moroberekan; IR64 x Moroberekan; Giza177 x IET1444; IR64 x Azuceina and IR64 x IET1444 were found to be good specific combiners based on their significant positive SCA effects. These results are in agreement with those obtained by Panwar (2005) ; Petchiammal and Kumar (2007) and Saleem et al., (2010) Heterosis breeding is recommended for good specific combiners which were identified in the present investigation for yield and its component traits. High SCA effects show the predominance of non-additive gene effects mainly dominance gene effects (Nadarajan and Gunasekaran, 2005) . Crosses which show non-significant SCA effects but originated from parents having high GCA effects (additive gene effects) would be used for recombination breeding with early selection of desirable segregants (Nadarajan and Gunasekaran, 2005) . These crosses were IR64 x Giza178 for panicles plant -1
; IRAT170 x Moroberekan for 1000-grain weight and grain yield plant -1
; IRAT170 x Azuceina for filled grains panicle -1 and Moroberekan x Azuceina for spikelets fertility percentage (%).
Crosses which indicated high estimates for SCA effects and derived from parents having high GCA effects would also be used in good recombination in to produce good hybrids. However, the selection of superior genotypes to develop good cultivars must be delayed to later generations to allow fixation of maximum homozygosity (Nadarajan and Gunasekaran, 2005) . These crosses were IR64 x IET1444 for panicles plant -1
; IRAT170 x Moroberekan for panicle weight; Giza177 x Azuceina for 1000-grain weight; Moroberekan x Azuceina and IRAT170 x Moroberekan for filled grains panicle -1 and Giza177 x IRAT170 for harvest index.
Genetic components:-
The estimates of phenotypic variance (δ 2 p); heritability in broad sense (h² b %); heritability in narrow sense (h² n %) and degree of dominance (d') are presented in Table 5 .
Phenotypic variance:-
As shown in Table 5 , the estimates of phenotypic variances ranged from 1.17 to 1653.5 revealing a wide range of variations among all the studied traits. The highest estimates of phenotypic variances were observed for filled grains panicle -1 and spikelet fertility percentage (%) traits. On the other hand, the lowest value of variance was obtained by panicle weight. The additive genetic variances were larger than both dominance and environmental variances for panicles plant -1 , panicle weight, 1000-grain weight and filled grains panicle -1 traits.
Heritability in broad sense (h² b %):-
The results in Table 5 showed that broad sense heritability estimates were high for all studied traits and ranged from 86.3% for harvest index to 98.07% for Filled grains panicle -1 . These findings are in agreement with those obtained by Gaballah (2009) and Ali et al., (2012) who reported high estimates of heritability in broad sense for yield and yield component traits under water stress condition. Similar results were also obtained by Sohrabi et al., (2012) ; Ullah et al., (2011) and Singh et al., (2011) 
Heritability in narrow sense (h² n %):-
The h² n heritability estimates were considered to be low when their values were below 30%; medium when their values ranged from 30 to 60% and high when their values were above 60% as reported by Babu et al., (2012) .
Low estimates of heritability in narrow sense ranged from 14.62 to 28.23% were recorded for harvest index; spikelets fertility percentage and grain yield plant -1 . The heritability estimates were medium for filled grains panicle -1 trait. The low estimates of heritability for these traits suggested that, the major part of phenotypic variation was due to non-additive and environmental variance, therefore phenotypic selection for such traits must be done in the late generations. These results agreed with those obtained by Ebrahim (2009) for harvest index and Ali et al., (2012) for panicles plant -1 and grain yield plant -1 . High estimates of heritability in narrow sense ranged from 66.24 to 76.17% were obtained for panicle weight; panicles plant -1 and 1000-grain weight traits. The high heritability estimates of these traits cleared that, a major part of the total phenotypic variance was due to additive genetic variance, thus effective phenotypic selection for these traits would be achieved with satisfactory degree of accuracy in early generations. Similar results were obtained by Ali et al., (2012) for panicle weight and grain weight and Ebrahim (2009) for 1000-grain weight.
Degree of dominance (d'):-
The estimates of degree of dominance for all studied traits are presented in Table 5 . When the value of a trait is equal to the unity, then the trait is under control of the complete dominance. When the value is more than unity, the trait is affected by over-dominance. On the other hand, when the value is less than unity this means that the trait is controlled by partial dominance. The degree of dominance values ranged from 0.504 to 2.256. The values were higher than unity for spikelets fertility percentage; harvest index and grain yield plant -1 traits indicating that their mode of inheritance was of over-dominance. Meanwhile, other traits exhibited values lower than unity suggesting that they were under partial-dominance effect. These results are in common agreement with those obtained by Ali et al., (2012) 
